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Theme of my talk:

mother cell

(interphase
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But first, a few introductory
comments on nuclei,
chromosomes, chromatin,
chromosome territories as well as
nucleoli.




The nucleus contains the genome in the form of
chromatin.

In human diploid cells, there are 46 chromosomes per
cell, and each chromosome contains a single DNA double
helix consisting of tens of millions of nucleotide base
pairs.

The chromosomes are individualized during the
mitosis only; in the interphase, the structure of

chromosomes (chromatin) is somehow loosened and gives
rise to chromosome territories.

Both chromosomes and chromatin roughly consist of
1/3 of DNA, 1/3 of histones and 1/3 of non-histone
chromatin proteins (and RNA):; non-histone chromatin
proteins differ from non-histone chromosomal proteins.

Organization of chromatin: Great challenge for cell biology
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Nucleolus is the most prominent nuclear organelle.
rRNA synthesis and an assembly of ribosomal
subunits take place in the nucleolus. Ribosomal
genes are tandem repeated in arrays that are
found at chromosome loci termed nucleolar
organizing regions (NORs). A human diploid cell
contains about 400 rRNA genes and the NORs are
found at acrocentric chromosomes 13, 14, 15, 21

and 22.
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Nucleoli are not permanent structures. At the onset of
mitosis, rRNA synthesis ceases and nucleoli disintegrate.
In telophase, rRNA synthesis resumes and in the
consecutive early 61 phase, ribosomal arrays from two or
more NOR-bearing chromosome usually cluster, and a
nucleolus is reformed around them. The nucleolus-
associated chromatin corresponds largely to parts of NOR-

bearing chromosomes.

Thin sectioned nucleus
in the EM.

Nucleolus is in red.
Nucleolus-associated
heterochromatin

is in blue and much

of its DNA sequences
belong to NOR-bearing
chromosomes.



This being said, let’s
come back to the theme
of my talk.




Based on the statistical
evaluation of the chromosome
territories positioning in large
sets of mammalian cells,
numerous studies have shown
that the chromosome territories
are non-randomly arranged
(radial position, size etc.) in

the nuclear space.




If non-randomly arranged, an important
question in this context arises:




Ellznbzrg” s group: Cnromosome positions arz nzritable
Tnrougn tnez czll cycle,

Positive: Paternal histones remain associated with DNA loci
Negative: Bleach labeling; non-characterized labeled chromatin




In order to reconcile this divergent issue, we
re-investigated the behavior of such chromatin
regions of unknown composition and we focused
on the behavior of the nucleolus-associated
chromatin, the significant part of which
contains sequences belonging o NOR-bearing
chromosomes.

Figure:
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However, we improved the
experimental protocol. Instead of
using bleach-labeling of histone
H2B-GFP, we stably transfected
human HepG2 cells expressing a
recombinant histone H4-Dendra2
and performed a photoconversion
of the Dendra2 protein within the
chromatin region of interest.
Importantly, H4 histone is less
exchanged with respect to H2B
histone.
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30 min
intervals:

total duration
17.5 hours
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Pattern of the signal in the form of noughts and crosses is recognizable during the
first interphase, but the signal is scattered in the next intephase




We characterized in detail this
transfected cell line and repeated
experiments with the same kind of
labeled chromatin regions as used in
the previously published prototype
studies.




The behavior of the
labeled nuclear
domains of
unknown
composition in
partially
synchronized cells.

(A) Examples of
images of the
mother cell and
the daughter
cells.

(B) The initial and the
final merged
snapshots of the
time-lapse. The
pairs of daughter
cells are
indicated.
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Nuclear pole

The signal is scattered in the second interphase




Quantitative
evaluation
(freshold
images)
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We conclude that the position of
labeled chromatin does not change
extensively until mitosis onset. In
contrast, it differs significantly in
most daughter cells, while still
exhibiting non-random character.
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Similarly scattered signal seen in daughter cells if nucleolus-associated
chromatin was photoconverted just around one out of several nucleoli

The labeled chromatin differently associates with

different nucleoli in the daughter cells




30 min
snapshots,
partially
synchronized
cells
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30% of red signal is lost from the vicinity of the nucleoli,
and signal differently associated with different nucleoli.
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» Chromatin position in transfected Hep62
cells does not show extensive changes
during interphase.

» Chromatin "remembers” its position only
partly in the daughter cells.

» Several hours after mitosis, significant
chromatin position changes are seen in
most daughter cells, but chromatin
position still complies to the non-random
arrangement.

Chromatin position is not ,inherited™; some
features of the parental cell organization are
maintained, but a stochastic component is
associated with a reassortment of chromatin that
results in its positional rearrangement.
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But first, we evaluated the number of nucleoli
present in pairs of the daughter cells.

To compare numbers of nucleoli in the two daughter cells, the mitotic cells were
shaked of f, seeded, processed 4 hours after seeding for the immunocytochemical
visualization of nucleoli, and nucleoli in 100 pairs of daughter cells were counted.

cell line Pairs of daughter cells exhibiting the same number of
nucleoli (%)
HepG2 22
HepG2H4-dendraz 23
Hela 23
LEP* 37

* Human primary LEP fibroblasts exhibit lower number of nucleoli

More than 75% HepG2-Dendra2 cell pairs exhibited different numbers
of nucleoli.
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Of course, this was just fun...
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Western blot
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Note that in blots, the relative amount of small endogenous
H4 may be underestimated with respect to H4-Dendra







Cone illumination




Position of Scattered tiny
nucleoli is regions
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Complexity of the cell nucleus
The DNA packing is but the initial problem.

Chromatin is a subject for extensive
modifications and highly dynamic.

The big challenge at the cell level is termed
chromatin/chromosomes.




Thin sectioned
hepatocyte as
seen in the EM
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If we compare the size of a human cell nucleus to a living room
of 20m?, then - by analogy - it is necessary to pack in such a
“room” 46 thin ropes (2 mm in diameter) with the total length of
2000 km. It is not known how DNA is packed in the cell nucleus.
And DNA packing is just initial problem Chromatin is dynamic!




